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^ (54) Title: AERODYNAMICALLY LIGHT VACCINE FOR ACTIVE PULMONARY IMMUNIZATION 

I/) (57) Abstract: Improved aerodynamically light particles for vaccine delivery to the pulmonary system, and methods for their dyn- 
O thesis and administration are provided. In a preferred embodiment, the aerodynamically light vaccines are made of a biodegradable 
^ material and have a tap density less than 0.4g/ml and a mass mean diameter between 5 |jm and 30 jim. The particles may be formed 
^ of biodegradable materials such as biodegradable polymers. For example, the particles may be formed of a functionalized polyester 
graft copolymer consisting of a linear .alpha.-hydroxy-acid polyester backbone having at least one amino acid group incorporated 
2 therein and ar least one poly(amino acid) side chain extending from an amino acid group in the polyester backbone. In one em- 
bodiment, aerodynamically light vaccine particles having a large mean diameter, for example greater than 5 \im, can be used for 
Q enhanced delivery of a vaccine agent to the alveolar region of the lung. The aerodynamically light vaccine particles incorporating 
immunizing agent may be effectively aerosolized for administration to the respiratory tract to permit systemic or local delivery 
wide variety of immunizing agents. 
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TITLE OF THE INVENTION 

' ': AERODYNAMICALLY LIGHT VACCINE FOR ACTIVE PULMONARY 
ii;:,. . IMMUNIZATION 

#.| 

. BACKGROUND OF THE INVENTION 
{is fS'^i^ M^ld of the Invention: 

The present invention relates generally to biodegradable particles of low density and 
jiargei size for active immunization via the pulmonary system. 

Background to the Invention: 

i'O'. Biodegradable particles have been developed for the controlled-release and delivery of 

protein and peptide drugs. Langer, R., Science, 249: 1527-1533 (1990). Examples include 
.: ■ , • the use of biodegradable particles for gene therapy (Mulligan, R. C. Science, 260: 926- 
932 (1993)) and for 'single-shot' immunization by vaccine delivery (Eldridge et al., Mol. 
, Immunol., 28: 287-294 (1991)). 

■ Aerosols for the delivery of therapeutic agents to the respiratory tract have been 

developed. Adjei, A. and Garren, J. Pharm. Res. 7, 565-569 (1990); and Zanen, P. and 
Lamm, J.-W. J. Int. J. Pharm. 114, 1 11-115 (1995). The respiratory tract encompasses the 
upper airways, including the oropharynx and larynx, followed by the lower airways, 

• 20 which include the trachea followed by bifurcations into the bronchi and bronchioli. The 
upper and lower airways are called the conducting airways. The terminal bronchioli then 
divide into respiratory bronchioli which then lead to the ultimate respiratory zone, the 
• alveoli, or deep lung. Gonda, I. "Aerosols for delivery of therapeutic and diagnostic 

; - . agents to the respiratory tract," in Critical Reviews -in Therapeutic Drug Carrier Systems 

25-; . f 6:273-^3 13, 1 990. The deep lung, or alveoli, are the primary target of inhaled therapeutic 

j ' .'ii ; aeros<Sls for systemic drug delivery. 

V;i* • % 

' inhaled aerosols have been used for the treatment of local lung disorders including 
asthma and cystic fibrosis (Anderson et al.. Am. Rev. Respir. Dis., 140: 1317-1324 
7)6 ":\ (1989)) and have potential for the systemic delivery of peptides and proteins as well 
:• ■(PatfonandPlatz,AdvancedDrugDeliveryReviews, 8:179-196(1992)). However, 
, . ; ; pulmonary drug delivery strategies present many difficulties for the delivery of 

r roacromolecules; these include protein denaturation during aerosolization, excessive loss 
, (pif irihaled drug in the oropharyngeal cavity (often exceeding 80%), poor control over the 
;35 ,. : ^jte of deposition, irreproducibility of therapeutic results owing to variations in breathing 
I i pa^ems, the often too-rapid absorption of drug potentially resulting in local toxic effects, 
;„ and 'phagocytosis by lung macrophages. 

'; ■ Considerable attention has been devoted to the design of therapeutic aerosol inhalers to 
40 ;■. improve the efficiency of inhalation therapies. Timsina et. al.. Int. J. Pharm. 101, 1-13 

■ (1995)-, and Tansey, I. P., Spray Technol. Market 4, 26-29 (1994). Attention has also 

■ ■ ibeeii given to the design of dry powder aerosol surface texture, regarding particularly the 
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, ■ ■ nee'd to avoid particle aggregation, a phenomenon which considerably diminishes the 
. , efficiency of inhalation therapies owing to particle aggregation. French, D. L., Edwards, 
. . : p. A, and Niven, R. W., J. Aerosol Sci. 27, 769-783 (1996). Attention has not been given 

to the possibility of using large particle size (>5 .mu.m) as a means to improve 
5 aerosolization efficiency, despite the fact that intraparticle adhesion diminishes with 
■ increasing particle size. French, D. L., Edwards, D. A. and Niven, R. W. J. Aerosol Sci. 
27, 769-783 (1996). This is because particles of standard mass density (mass density near 
1 g/cm.sup.3) and mean diameters >5 .mu.m are known to deposit excessively in the 
upper airways or the inhaler device. Heyder, J. et al., J. Aerosol Sci., 17: 81 1-825 (1986). 
10 For this reason, dry powder aerosols for inhalation therapy are generally produced with 
mean diameters primarily in the range of <5 .mu.m. Ganderton, D., J. Biopharmaceutical 
Sc iences 3 : 1 0 1 - 1 05 ( 1 992); and Gonda, I. "Physico-Chemical Principles in Aerosol 
Delivery," in Topics in Pharmaceutical Sciences 1991, Crommelin, D. J. and K. K. 
Midha, Eds., Medpharm Scientific Publishers, Stuttgart, pp. 95-1 15, 1992. Large 
.15 ■ "carrier" particles (containing no drug) have been co-delivered with therapeutic aerosols 
,; to aid in achieving efficient aerosolization among other possible benefits. French, D. L., 
^ ;V,_ Edwards, D. A. and Niven, R, W. J. Aerosol Sci. 27, 769-783 (1996). 

i' ' / ' ,^ Local and systemic inhalation therapies can often benefit from a relatively slow 
f2Q' ^ controlled release of the therapeutic agent. Gonda, I., "Physico-chemical principles in 
: . aerosol delivery," in: Topics in Pharmaceutical Sciences 1991, D. J. A. Crommelin and 
• K. K. Midha, Eds., Stuttgart: Medpharm Scientific Publishers, pp. 95-1 17, (1992). Slow 
. ■;. '■ .release from a therapeutic aerosol can prolong the residence of an administered drug in 
; ,. i , the airways or acini, and duninish the rate of drug appearance in the bloodstream. Also, 
25 ■ patient compliance is increased by reducing the frequency of dosing. Langer, R., Science, 
■ 249: 1 527- 1 533 ( 1 990); and Gonda, L "Aerosols for delivery of therapeutic and diagnostic 
'. . • ! .; agents to the respiratory tract," in Critical Reviews in Therapeutic Drug Carrier Systems 
,f'\'';:;,:i6;273-3i3,(1990). 

'30' ■ • The human lungs can remove or rapidly degrade hydrolytically cleavable deposited 
. . aerosols over periods ranging from minutes to hours. In the upper airways, ciliated 
• ; ' epithelia contribute to the "mucociliary escalator" by which particles are swept from the 
airways toward the mouth. Pavia, D. "Lung Mucociliary Clearance," in Aerosols and the 
Lung: Clinical and Experimental Aspects, Clarke, S. W. and Pavia, D., Eds., 
35 Butterworths, London, 1984. Anderson et al.. Am. Rev. Respir. Dis., 140: 1317-1324 
(1989). In the deep lungs, alveolar macrophages are capable of phagocytosing particles 
soon after their deposition. Warheit, M. B. and Hartsky, M. A,, Microscopy Res. Tech. 
26: 412-422 (1993); Brain, J. D., "Physiology and Pathophysiology of Pulmonary . 
Macrophages," in The Reticuloendothelial System, S. M. Reichard and J, Filkins, Eds., 
:40 ' . Plenum, New York, pp. 315-327, 1985; Dorries, A. M. and Valberg, P. A., Am. Rev. 
L. ' . Resp. Disease 146, 831-837 (1991); andGehr, P. et al. Microscopy Res. and Tech., 26, 
, : .' 423-436 (1 993). As the diameter of particles exceeds 3 .mu.m, there is increasingly less 
, ; •; . phagocytosis by macrophages. Kawaguchi, H. et al., Biomaterials 7: 61-66 (1986); 
s ; ; Krehis,;L. J. and Strauss, B., Proc. Soc. Exp. Med., 107:748-750 (1961); and Rudt, S. and 
4;i5 . ' Muller, R. H., J. Contr. Re!., 22: 263-272 (1992). However, increasing the particle size 
';; -i also minimizes the probability of particles (possessing standard mass density) entering 
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■ ;the airways and acini due to excessive deposition in the oropharyngeal or nasal regions. 

, . Heyder, J. et al., J. Aerosol Sci., 17: 81 1-825 (1986). An effective dry-powder inhalation 
therapy for both short and long term release of therapeutics, either for local or systemic 
delivery, requires a powder that displays minimum aggregation, as well as a means of 
i,;,;' iJS' i ■ avoiiling or suspending the lung's natural clearance mechanisms until drugs have been 
•effeqti'vely delivered. 

jriij • -'WitlTespbct to pulmonary delivery of drugs, US Patent Nos. 6,136,295; 5,985,309; 

5,874,064; and 5,855,913 are hereby incorporated by reference for their disclosure of 

:■ . methocis' of deep lung delivery of agents other than vaccines. There remains, however, a 

", • ■ needfdr improved inhaled aerosols for pulmonary delivery of vaccine agents. There is a 
need for the development of vaccine carriers and compositions which are capable of 
delivering the vaccine in an effective amount into the airways or the alveolar zone of the 
lung. There further is a need for the development of vaccine carriers and compositions for 
15 use as inhaled aerosols which are biodegradable and are capable of controlled release of 

% , vac£;ines within the airways or in the alveolar zone of the lung. 

|!}|' I'd ■'. ■", ^i'''-:V ■ ' • 

/ ' 'I It is' therefore an object of the present invention to provide improved carriers for the 
pulmonary delivery of vaccination agents. 

■||/ '''' ' It is' a further object of the invention to provide inhaled aerosols which are effective 
I ^'1 . carriers for delivery of vaccination agents to the deep lung. 

i' It is another object of the invention to provide carriers for pulmonary delivery of vaccines 
i'; . . '2? ' wliich avoid phagocytosis in the deep lung. 



It is a further object of the invention to provide carriers for pulmonary vaccine delivery 
which are capable of biodegrading and releasing the vaccine at a controlled rate. 

30 Further objects and advantages of this invention will be appreciated from a review of the 
complete disclosure. 

'ij;^' SI JTVrMARY OF THE INVENTION 

al;' Improved aerodynamically light particles for vaccine delivery to the pulmonary system, 
rp .' ... and methods for their synthesis and administration are provided. In a preferred 
., .' ■■i' .; embodiment, the particles are made of a biodegi-adable material, have a tap density less 
. '■ ; than 0.4 g/cm.sup.3 and a mean diameter between 5 .mu.m and 30 .mu.m. In one 
' / ' embodiment, for example, at least 90% of the particles have a mean diameter between 5 
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>';niu;irv and 30 .mu.m. The particles may be formed of biodegradable matenals such as 
^ 'biode|radable polymers, proteins, or other water-soluble materials. For example, the 
' ipartioles may be formed of a functionalized polyester graft copolymer consistmg of a 
.linear/alpha.-hydroxy-acid polyester backbone having at least one amino acid residue 
■ incorfibrated per molecule therein and at least one poly(amino acid) side cham extending 
from an amino acid group in the polyester backbone. Other examples include particles 
foimeci- of water-soluble excipients, such as trehalose or lactose, or proteins. The 
' aerodynamically light particles can be used for enhanced delivery of a vaccination agent 
to the airways or the alveolar region of the lung. The particles incorporating a vaccine 
agent may be effectively aerosolized for administration to the respiratory tract to permit 
systemic or local delivery of a wide variety of vaccine agents. They optionally may be 
co-delivered with larger carrier particles, not carrying a vaccinating agent, which have for 
exanipk a mean diameter ranging between about 50 .mu.m and 100 .mu.m. 



n^fi ". jnPT^TT.FD DESCRIPTTOKf OF THE INVENTION 

', We'disclose a method for producing small, light particles, containing vaccine antigens 
'^^''^'iM'^-d^ory of vaccines via the respiratory tract that protect against many diseases. In 
M-^me embodiment, standard influenza vaccine that is usually administered by 




i ' The approach is applicable to other attenuated or inactivated virus vaccines including, but 
' :25 •' - not limited to, diphtheria, tetanus, pertussus, polio and hepatitis A & B. The system is 
' ■ ■' ■ also applicable to administration of polysaccharide vaccines, such as pneumococcal 
.•. ' ■ : polysaccharide vaccines and for polysaccharides linked to proteins such as the newer 
; ■ •• • , '.^pneumococcal vaccines and HiB (haemopholis influenza B), and live virus vaccmes, such 
•'; 'V 'vvl- I'sas- iheaslesi mumps and rubella. 

fi0>M'' '' 

/ : ' In a preferred embodiment, MVA vectored influenza vaccine is administered according 
to the method of this invention. This induces serum IgG and mucosal IgA antibody 
which prevents viral pneumonia and upper respiratory infection plus cell-mediated 
immunity which enhances recovery from flu infection including recovery from those 
35 viruses that may have drifted or shifted from those incorporated m the vaccine. 

Furthermore, genes from multiple pathogens are introduced into MVA so as to provide a 
multivalent safe, effective vaccine that may not require refrigeration. Such a vaccine 
■ meets the requirements of the Children's Vaccine Initiative and is ideal for the 
; . devel'pping world as well as the developed world. 

■ 40 ■ 1- ■ 

. The major practical advantage is that the vaccine can be administered by inhaling the 

■ fluffy powder and NOT BY A SHOT. It could eventually be made available OTC. 

'V ■■ ^- Ultimately if a Modified Vaccinia Ankara type vectored muUivalent vaccme is proven to 
^ ■ ; ;::fbe;effifcacious. it should not require refrigeration, making it very useful in developmg 
!j''45|! 'firiatiptis. j" 
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ThC'lsenefit is vaccination without injection, thereby avoiding the pain but also, in 
economically deprived areas, avoiding dangers associated with diseases spread by 
multiple use ofneedles (hepatitis, AIDS, etc.). For influenza, it provides protection of 
. ' '. both the upper and lower respiratory tract, whereas the current vaccine usually protects 
i, 5 only the lung, thus the proposed vaccine is more effective in preventing spread of the 
diseasid;; 

;• ■ . In certain embodiments, inclusion of a noisemaker mto devices for children and a mask 
y;[ j , . , for infants is contemplated and considered desirable. 

The people of the world need vaccines. Adults need influenza vaccine annually and other 
vaccines periodically. Children need vaccines at different ages. The current influenza 
vaccine induces serum IgG antibody and prevents viral pneumonia, but frequently fails to 
protect against upper respiratory infection and spread. The present system for influenza 
■. is induces serum IgG antibody and also induces IgA antibody in respiratory mucus and, 
. ., ■ thereby,: protects both the lower and upper respiratory tracts from infection. 

. Measles vaccine is particularly advantageously administered by this system as it is 
V' ■ ■ predicted to be efficacious in the first six months of life, whereas the current vaccines 
■ij.ab • !; cannot te effectively administered before about a year of age. This leaves up to six 
I months vulnerability to infection. Measles vaccine delivery via the present system would 
, • greatly enhance the worldwide measles eradication program. In the U.S., approximately 
i' 1 ■ ' 1 00,000,000 doses of influenza vaccine are given/year. Children's vaccines are 
,\; - •• - administered to- approximately 5,000,000 children/year, some vaccines once and some 
■ fi25,;;'' -ithree or four times/year. Demand is increasing due to the availability of vaccines for 

"] more diseases. An influenza vaccine given without a shot that prevents both upper and 
j; 04^: pjb^ver respiratory infection might meet the demand of 200,000,000 doses/year, especially 
J|il?;H;iiif ^ailaljle OTC. 

l!-"36'; •■ The follovving represent research done in humans approximately 30 years ago 

■; J demonstrating the efficacy of using the respiratory route for immunization: 
pii'';:;; ;' ; Immunization Against Influenza, Waldman, R.H., Mann, J. J., Small, P.A. JAMA, 207, 
■ ■ . 520-524^ 1969; An Evaluation of Influenza Immunization: Influence of Route of 
' . Administration and Vaccine Strain. Waldman, R.H. et al. Bulletin World Health 
\ 35 ■ ; Organization,. 41, 543-548, 1969. However, that work did not include the present 
• , 1 - ' improvement of efficient delivery of the vaccine to the alveoli. Use of particles for 
V delivery of diiig^ to the alveoli is described in "Large Porous Particles for Pulmonary 
i ..'i '/iH; pnig pelivery", by Edwards, D.A., Hanes, J. et al. Science, 276, 1868-1871,1997. 
r 'lj '^' i'l'.'H^^^ disclose or suggest active immunization, as disclosed 

\.^jb/, herein.' ^ ^ 

"• ■ Focusing just on influenza, this vaccine would replace the existing inactivated flu vaccine 
and the live attenuated flu vaccine for adults. It is unclear whether the live attenuated or 
the proposed vaccine would be better for children who make up a small firaction of the 
] .45 ■ market (probably <5%). 
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■' Aerodjoiamically light, biodegradable particles for improved delivery of vaccine agents 
i ' :t'o: the respiratory tract are provided. The particles can be used in one embodiment for 
' . ■ controlled systemic or local drug delivery to the respiratory tract via aerosolization. In a 
■ .. preferred embodiment, the particles have a tap density less than about 0.4 g/cm.sup.3. 
■;5. ■ Features ;of the particle which can contribute to low tap density include irregular surface 
. : - 'lexture aild porous structure. Administration of the low-density particles to the lung by 
. . ; aerosolization permits deep lung delivery of relatively large diameter immunizing 
;i i ; ^Jvaeirosf^^^ for example, greater than 5 .mu.m in mean diameter. A rough surface texture 
': ' i ; . . ^Iso pari' reduee. particle agglomeration and provide a highly flowable powder, which is 
'W) ; : i'deaEiifoIr aerosolization via dry powder inhaler devices, leading to lower deposition in the 
, / mouth,i,throat and inhaler device. 

■ I ; bbns'itv,. and 'Size of Aerodvnamicallv Light Particles 

iBi',;; ' Particle' Size 

• The ;m&ss mean diameter of the particles can be measured using a Coulter Counter. The 
aerpdynamically light particles are preferably at least about 5 microns in diameter. The 
' diameter of particles in a sample will range depending upon on factors such as particle 
lid . ' composi tion and methods of synthesis. The distribution of size of particles in a sample 
; , 'c^n.bp jselected to permit optimal deposition within targeted sites within the respiratory 
|^4:;^-fvitraQt;^i|>; 

y }[■' TheWerodynamically light particles may be fabricated or separated, for example by 
,25,:;' filtration, to provide a particle sample with a preselected size distribution. For example, 

greater than 30%, 50%, 70%, or 80% of the particles in a sample can have a diameter 
i; , ' ' within ?i selected range of at least 5 .mu.m. The selected range within which a certain 
■ . .'; perceritage of the particles must fall may be for example, between about 5 and 30 .mu.m, 
■'■ ; or optionally between 5 and 15 .mu.m. In one preferred embodiment, at least a portion of 
■30 the-paiticles have a diameter between about 9 and 1 1 .mu.m. Optionally, the particle 

■ •■ saniplp also can be fabricated wherein at least 90%, or optionally 95% or 99%, have a 
:fi.:',(,;-' K diapiejer within the selected range. The presence of the higher proportion of the 
ii •■■ 'aerodynamically light, larger diameter (at least about 5 .mu.m) particles in the particle 
I : v;. samp]'fr«nhances the delivery of vaccinating agents incorporated therein to the deep lung. 

= . ' Ih one^embodiment, in the particle sample, the interquartile range may be 2 .mu.m, with a 
, : meanjaiameterfor example of 7.5, 8.0, 8.5, 9.0, 9.5, 10.0, 10.5, 1 1.0, 1 1.5, 12.0, 12.5, 

. 13.0 dF.13.5 .mii.m. Thus, for example, at least 30%, 40%>, 50% or 60% of the particles 
. , may have diameters within the selected range 5.5-7.5 .mu.m, 6.0-8.0 .mu.m, 6.5-8.5 
f6 ,;,.mu.mvi7.0-9.0 .mu.m, 7.5-9.5 .mu.m, 8.0-10.0 .mu.m, 8.5-10.5 .mu.m, 9.0-1 1.0 .mu.m, 
,,' ■ 9.5-M.:5 .mu.ra, 10.0-12.0 .mu.m, 10.5-12.5 .mu.m, 11.0-13.0 .mu.m, 1 1.5-13.5 .mu.m, 

12.0-14.0 .mu.m, 12.5-14.5 .mu.m or 13.0-15.0 .mu.m. Preferably the said percentages of 
, i , parti.c'lje;s have diameters within a 1 .mu.m range, for example, 6.0-7.0 .mu.m, 1 0.0- 1 1 .0 
:; i ■ .iiiu;rn!pr 13.0-14.0 .mu.m. 
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fi / ' " '•■ TKe ierodynamically light particles incorporating a vaccine agent, and having a tap 

' . ; ! •■ . density less than about 0.4 g/cm.sup.3, with mean diameters of at least about 5 .mu.m, are 

; ■ ' inpre capable of escaping inertial and gravitational deposition in the oropharyngeal 
li i' ::,, $ / I i. region, arid are targeted to the airways or the deep lung. The use of larger particles (mean 
/' '.",. .! : . diameter at. least about 5 .mu.m) is advantageous since they are able to aerosolize more 
M^i-i^'S !-„i eflciently ihan smaller, non-light aerosol particles such as those currently used for 
r J ml^alation therapies. 

V .,'i-10 ■ In comparison to smaller non-light particles, the larger (at least about 5 .mu.m) 
. .' • . aerodynamically light particles also can potentially more successfully avoid phagocytic 
eijgulfment by alveolar macrophages and clearance from the lungs, due to size exclusion 
of the particles from the phagocytes' cytosolic space. Phagocytosis of particles by 
■ .; , . - ' alveolar macrophages diminishes precipitously as particle diameter increases beyond 3 

1;5''; ■ . .rnu^m. Kawaguchi, H. et al., Biomaterials 7: 61-66 (1986); Rrenis, L. J. and Strauss, B., 
= i,\ ■ , ; , Proc. Soc. Exp. Med., 107:748-750 (1961); and Rudt, S. and MuUer, R. H., J. Contr. Rel, 
22: 263-272 (1992). For particles of statistically isotropic shape (on average, particles of 
-•'':',)*•'.-■'■'•!• ' :th^ powder possess no distinguishable orientation), such as spheres with rough surfaces, 
•'. i . , \y< the particle envelope volume is approximately equivalent to the volume of cytosolic 

^;2p', space required within a macrophage for complete particle phagocytosis, 
f^i ■ ■ 

' • Aerodynamically light particles thus are capable of a longer-term release of a vaccinatmg 
;. " ageht. Followmg inhalation, aerodynamically light biodegradable particles can deposit in 
, ■ tliibiiungs (due to their relatively low tap density), and subsequently undergo slow 

■ ' 25. degradation and vaccine release, without the majority of the particles being phagocytosed 
; by 'alveolar macrophages. The vaccine can be delivered relatively slowly into the alveolar 

■ ; !';=. •, fluid; and at a controlled rate into the blood stream, minimizing possible toxic responses 
i fK^' '!|i/;|pf^exipio.sed cells to an excessively high concentration of the vaccine. The 

!] ' i 'l- '!' ; ' • aefp'iynamically light particles thus are highly suitable for inhalation therapies, 
X :'' ■ 30, ' j particularly in controlled release applications. The preferred mean diameter for 

■': ; ;V,! ; iaeiiodynamically light particles for inhalation therapy is at least about 5 .mu.m, for 
I /I I ' " I' j. exapple between about 5 and 30 .mu.m. 

%:t r ,■ The'particles may be fabricated with the appropriate material, surface roughness, 
{'(■'•' 351 ■ diairieter and tap density for localized delivery to selected regions of the respiratory tract 
• ■' . .' - sucii as the deep lung or upper airways. For example, higher density or larger particles 
■' , !/•■': ' may be used for upper airway delivery, or a mixture of different sized particles in a 
'^^ i.„ s?imple, provided with the same or different vaccine may be administered to target 
;|l 4Si^^^ 'i4i£ferent regions of the lung in one administration. 

y;'jii)iav!ix'^ PaMicfe and Deposition 

'p'if ' '1 ■ ' ■ Thfeiipaiticles having a diameter of at least about 5 .mu.m and incorporating a vaccine 
K: ; : agent preferably are aerodynamically light. As used herein, the phrase "aerodynamically 
'45 light particles" refers to particles having a tap density less than about 0.4 g/cm.sup.3. The 
;s I : .. ; : •; tap density of particles of a dry powder may be obtained using a GeoPyc.TM. 
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V ' ■ :' ■'■■;! ,(lS|iicr6metrics Instrument Corp., Norcross, Ga. 30093). Tap density is a standard measure 
•• /'v.; ■ of the envelope mass density. The envelope mass density of an isotropic particle is 
•' : ! ; : defflied as the mass of the particle divided by the minimum sphere envelope volume 
' J<i i'wititin which it can be enclosed. 

' ffeertial'iriipacti^^ and gravitational settling of aerosols are predominant deposition 
I s;. ■ mechanisms in the airways and acini of the lungs during normal breathing conditions. 

' ' 1 . '; .EdwatdSyD. A., J. Aerosol Sci. 26:293-317 (1995). The importance of both deposition 
I'i ; ' : .mechanisms increases in proportion to the mass of aerosols and not to particle (or 
;, , ' ,1 0; enyelopp) volume. Since the site of aerosol deposition in the lungs is determined by the 
.' |- ,■ , mass ofthe aerosol (at least for particles of mean aerodynamic diameter greater than 
' -J . ' J. approximately 1 .mu.m), diminishing the tap density by increasing particle surface 
'fji ~. irregularities and particle porosity permits the delivery of larger particle envelope 
F'ilT- ' trii J i, -yolTAmes into the lungs, all other physical parameters being equal. 

' ' ' , ' [ ,The' low tap density particles have a small aerodynamic diameter in comparison to the 
1 y \ iabtyal envelope sphere diameter. The aerodynamic diameter, d.sub.aer, is related to the 
.1 ' " i , ;i Envelope sphere diameter, d (Gonda, I., "Physico-chemical principles in aerosol 
' ' ' delivery," in Topics in Pharmaceutical Sciences 1991 (Eds. D. J. A. Crommelin and K. K. 




; 25 ' ;' mbnodisperse aerosol particles in the alveolar region of the human lung (.about. 60%) 
, dcpurs for an aerodynamic diameter of approximately d.sub.aer =3 .mu.m. Heyder, J. et 
al.;; J. Aerosol Sci., 17: 81 1-825 (1986). Due to their small envelope mass density, the 
actual diameter d of aerodynamically light particles comprising a monodisperse inhaled 



, , h} powder that will exhibit maximum deep-lung deposition is: 

■ '.J - d=3/.sqroot..rho. .mu.m (where .rho.<l g/cm.sup.3); 

' . ■ h i'.' where d is always greater than 3 .mu.m. For example, aerodynamically light particles that 

, :. ^ '.; display an envelope mass density, .rho.=0.1 g/cm.sup.3, will exhibit a maximum 
.:,.:^5, deposition for particles having envelope diameters as large as 9.5 .mu.m. The increased 

■ ' ' ' particle size diminishes interparticle adhesion forces. Visser, J., Powder Technology, 

' ' /ij,!"' ' 58:1-10. Thus, large particle size increases efficiency of aerosolization to the deep lung 
I, ' J ; ; 1 for particles of low envelope mass density, in addition to contributing to lower 
;'v.ii=::Vvf'ivii'' phagocytic losses. 

r :• .. Particle Materials 

' ;. •' ' '.• ' In-order to serve as efficient and safe vaccine carriers in vaccine delivery systems, the 
; ' • ■ : aerodynamically light particles preferably are biodegradable and biocompatible, and 

. 45 optionally are capable ofbiodegrading at a controlled rate for delivery of a vaccine. The 
,| .. . - , particles can be made of any material which is capable of forming a particle having a tap 
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■ ;•^^■den5^ about 0.4 g/cm.sup,3. Both inorganic and organic materials can be used. 

: For example, ceramics may be used. Other non-polymeric materials (e.g. fatty acids) may 
■ be. used which are capable of forming aerodynamically light particles as defined herein. 
,', Different properties of the particle can contribute to the aerodynamic lightness including 
. • the composition forming the particle, and the presence of irregular surface structure or 
•■. . :i<j;;-,.ppres or cavities within the particle. 

! '■' :i\l|;ii|'-'t f folvmeri'o Piarticles 

iO ;;;.|'';The particles may be formed from any biocompatible, and preferably biodegradable 
', .i 'lii.' ii'jpiplymer, copolymer, or blend, which is capable of forming particles having a tap density 
; about 0.4 •^m.sup.3. 

- ■!■ ..jr.-iivg^^^ polymers such as polyanhydrides may be used to form the 

; :15 : l/aerodynamically light particles. For example, polyanhydrides such as poly[(p- 

!. . ;:^.'.:v - anhydride] (PCPH) may be used. Biodegradable 

i,' 1 ' ''i pojj^anhydrides are described, for example, in U.S. Pat. No. 4,857,3 U , the disclosure of 

' s'i'iij'i^sjiwliich is incorporated herein by reference. 

ii;iO;i|;..;i&^ bulk-eroding polymers such as those based on polyesters 

: I including poly(hydroxy acids) can be used. For example, polyglycolic acid (PGA) or 
I ', ' ■ pc)].ylactic acid (PLA) or copolymers thereof may be used to form the aerodynamically 
' iji^t particles, wherein the polyester has mcorporated therein a charged or 
'Ip:''f:^ijcti6n^^ group such as an amino acid as described below. 

' 'l- > Other polymers include polyamides, polycarbonates, polyalkylenes such as polyethylene, 
■■ :' 'polypropylene, poly(ethylene glycol), poly(ethylene oxide), poly(ethylene terephthalate), 
:1 ' : J^'; . poly vinyl compounds such as polyvinyl alcohols, polyvinyl ethers, and polyvinyl esters, 

, polymers of acrylic and methacrylic acids, celluloses and other polysaccharides, and 
'; jb ;'' '. peptides or proteins, or copolymers or blends thereof which are capable of forming 
! : \ : aerodynaniically light particles with a tap density less than about 0.4 g/cm.sup.3. 

Polymers may be selected with or modified to have the appropriate stability and 
;' . (iegradation, rates in vivo for different controlled vaccine delivery applications. 

• '35 • ", ' I Polyester Graft Copolymers 

In one preferred embodiment, the aerodynamically light particles are formed from 
fimctionalized polyester graft copolymers, as described in Hrkach et al., Macromolecules, 
28:4736-4739 (1995); and Hrkach et al., "Poly(L-Lactic acid-co-amino acid) Graft 

40 Copolymers: A Class of Functional Biodegradable Biomaterials" in Hydrogels and 

Biodegradable PoljTners for Bioapplications, ACS Symposium Series No. 627, Raphael 
M. Ottenbrite et al., Eds., American Chemical Society, Chapter 8, pp. 93-101, 1996, the 
disclosures of which are incorporated herein by reference. The functionalized graft 
copolymers are copolymers of polyesters, such as poly(glycolic acid) or poly(lactic acid), 

45 and another polymer including fiinctionalizable or ionizable groups, such as a poIy(amino 
, acid). In a preferred embodiment, comb-like graft copolymers are used which include a 
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•'•■■^ • •'Imeaf polyester backbone having amino acids incorporated therein, and poly(amino acid) 
■r,' ■■ ; ^ide dhains y/,Hich extend from the amino acid residues in the polyester backbone. The 
,• jpdlyekters.'may be polymers of .alpha. -hydroxy acids such as lactic acid, glycolic acid, 
^l'' :-" ' .i.!'.'l|y4rqx^^ and hydroxy valeric acid, or derivatives or combinations thereof. 

>'i'!5 i' Vi5Fhe in!clusion;p,^^ side chains, such as polylysine, in the polymer has been found 

|. ^i'l .' ■/■',tb:^^^^^ of more aerodynamically light particles, using techniques for 

•iv.,-. ■ ■ ':iiiiakm^'miCT^ knov^n in the art, such as solvent evaporation. Other ionizable 

• ■ li.gEcjufis'j-siichias amino or carboxyl groups, may be incorporated, covalently or 
" .V, . ; ;ft6nc5j!yalehtt^^^^^ into the polymer to enhance surface roughness and porosity. For example, 
it^iilQi I ;;',jp'i^l,yalan^^ be incorporated into the polymer. 

' ' Ai} exemplary 'polyester graft copolymer, which may be used to form aerodynamically 
,.Ught;,i)olynieric,particles is the graft copolymer, poly(lactic acid-co-lysine-graft-lysine) 
i'' , (PLAL-Lys), which has a polyester backbone consisting of poly(L-lactic acid-co-L- 

lysine) ^LAL), and grafted poly-Iysine chains. PLAL-Lys is a comb-like graft 
■jIj.^V 1^ ' Gppolymer hayinjg a backbone composition, for example, of 98 mol % lactic acid and 2 
ilfil'jf' ■rfiol %':tysine'and poly(lysine) side chains extending from the lysine sites of the 

.v'ilzo iPLAL-Lys may be synthesized as follows. First, the PLAL copolymer consisting of L- 
I'i.'f.r. ' fectil'aci(i,units and approximately 1-2% N .epsilon. carbobenzoxy-L-lysine (Z-L-lysine) 
' 1' , units ;is synthesized as described in Barrera et al, J. Am. Chem. Soc, 1 15:11010 (1993). 
H V ll'v iieiiiidVal of the Z protecting groups of the randomly incorporated lysine groups in the 
'f!' polyriier chain of PLAL yields the free .epsilon.-amine which can undergo fiirther 

chemical modification. The use of the poly(lactic acid) copolymer is advantageous since 
it biodegrades into lactic acid and lysine, which can be processed by the body. The 
[^•j^i;|j^stiin|BacldSoiie lysine groups are used as initiating sites for the growth of poly(amino 
;|;i^fVj.f^'^.viaeid)i'^idie chaiiisv 

?30 ■' ^"The lysine .epsilon-amino groups of linear poly(L-lactic acid-co-L-Iysine) copolymers 
' • initiat^^tlie riiig opening polymerization of an amino acid N-.epsilon. carboxyanhydride 
; (NCA)'to produce poly(L-lactic acid-co-amino acid) comb-like graft copolymers. In a 
' lijjreferredjintbbdiment, NCAs are synthesized by reacting the appropriate amino acid with 
• I • 'tripliosgene. Daly et al., Tetrahedron Lett., 29:5859 (1988). The advantage of using 
t'^S: triphosgene over phosgene gas is that it is a solid material, and therefore, safer and easier 
If, . : ■ ■ '^q handle. It also is soluble in THF and hexane so any excess is efficiently separated from 

' : • ''The ring opening polymerization of amino acid N-carboxyanhydrides (NCAs) is initiated 
^^ 40' V: . by nupleopliilic initiators such as amines, alcohols, and water. The primary amine 

' : • initiated ring opening polymerization of NCAs allows good control over the degree of 
/■ ii! ' ^pplymerization when the monomer to initiator ratio (M/I) is less than 150. Kricheldorf, H. 
■ .! I : ^k; in Models of Biopolymers by Ring-Opening Polymerization, Penczek, S., Ed., CRC 
' ■ ■ Press, Boca Raton, 1990, Chapter 1; Kricheldorf, H. R. .alpha.- Aminoacid-N-Carboxy- 
•45 Anhydrides and Related Heterocycles, Springer- Veriag, Beriin, 1 987; and Imanishi, Y. in 
Ring-Opening Polymerization, Ivin, K. J. and Saegusa, T., Eds., Elsevier, London, 1984, 
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' " . oIujTi6' 2, ^:Hapter 8. Methods for using lysine .epsilon.-amino groups as polymeric 
[tit^itiatprs for.NG^^ are described in the art. Sela, M. et al., J. Am. Chem. 

[l^.i'l'i^^ejteactioil-ofan amino acid NCA with PLAL, the nucleophilic pnmary .epsilon.- 
■:• !;. ■ ;;ammc) .of the lysine side chain attacks C-5 of the NCA leading to ring opening and 
. , . ■fprmation of the amino acid amide, along with the evolution of CO.sub.2. Propagation 
.. : t^kes'place via fiirther attack of the amino group of the amino acid amides on subsequent 
, ■ NeA;molecules. The degree of polymerization of the poly(amino acid) side chains, the 
.IQv'. dciirresponding amino acid content in the graft copolymers and their resulting physical and 
;-■ i giigmipkkeiiatacteri^ can be controlled by changing the M/I ratio for the NCA 
■■ ^^i'-j^Jjrn^azatibhri&at is, changing the ratio of NCA to lysine .epsilon.-amino groups of 
. ;^|^;^^i^;:in the synthesis, the length of the poly(amino acid), such as poly(lysine), 
=;:;>!i|^i^^|miiai^ amino add content in the polymer may be designed and 

p|jp;i!^j^^^^^p|,p^cular application. 

'i' Tiie;^^^^^^ acid) side chains grafted onto or incorporated into the polyester 

, . ibatkfeone can include any amino acid, such as aspartic acid, alanine or lysine, or mixtures 
thereof. The functional groups present in the amino acid side chains, which can be 
20 iciieniically modified, include amino, carboxylic acid, thiol, guanido, imidazole and 
: . • • . iiVdrdxyl groups. As used herein, the term "amino acid" includes natural and synthetic 

• . ■ymind acids and derivatives thereof. The polymers can be prepared with a range of amino 
.•;-.'5v^d|'^de chain lengths, for example, about 10-100 or more amino acids, and with an 
f ■iii^israil; imiiio acid content o^ for example, 7-72% or more depending on the reaction 
i^,^'vi^ poi.ditidns. The grafting of poly(amino acids) from the pLAL backbone may be 

;^'(l§)^ducfed sudi as dioxane, DMF, or CH.sub.2 CLsub.2, or mixtures thereof: 

1^! i^|&(!a;jj^ferEed embodiment, the reaction is conducted at room temperature for about 2-4 
'' ,v clays'in dioxane. 

'-^Stteniatively, the aerodynamically light partides for pulmonary vaccine delivery may be 
formed from polymers or blends of polymers with different polyester/amino acid 
■ ■ : ;baijkbones and grafted amino acid side chains. For example, poly(lactic acid-co-lysine- 
grift^alanine-lysine) (PLAL-Ala-Lys), or a blend of PLAL-Lys with poly(lactic add-co- 
, ;; ^glycolic acid-block-ethylene oxide) (PLGA-PEG) (PLAL-Lys-PLGA-PEG) may be used. 

X' Jl ;in4ijsyn&esis, the graft copolymers may be tailored to optimize different characteristics 
\ /M(>fm^!^6<^^n3^csay light particle including: i) interactions between the agent to be 
'.■ .' i' deliyered and the copolymer to provide stabilization of the agent and retention of activity 

■ i iipon: deiivery*; ii) rate of polymer degradation and, thereby, rate of vacdne rdease 
;40.'i K/profife; iii) surface characteristics and targeting capabilities via chemical modification; 
% imdiy) particle porosity. 

;;, . Formation of Aerodvnamicallv Light P nlvmeric Particles 

45 Aerodynamically light polymeric particles may be prepared using single and double 
., I : emulsion solvent evaporation, spray drying, solvent extraction and other methods well 
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:' ,^ ■ ■ .■knaW'tbi'tHos'e'bf ordinaty skill in the art. The aerodynamically light particles may be 
v.- t;, .:.-.riiade for.examjple using methods for making microspheres or microcapsules known m 

;'. ' '5':' ■'i -'j^ethods 'developed for making microspheres for drug delivery are described in the 
■ ' 'iiiiteiature, for example, as described by Mathiowitz and Langer, J. Controlled Release 
;' ':5,13-22' (1987); Mathiowitz, et al, Reactive Polymers 6, 275-283 (1987); and 
Vr,Mathio>vitz, et al., J. Appl. Polymer Sci. 35, 755-774 (1988), the teachings of which are 
; '-^ i^'Bmc^oistod herein. The selection of the method depends on the polymer selection, the 
IOC:' sizefy external morphology, and crystallinity that is desired, as described, for example, by 
: j ; .M^thiowit2j,^et al.. Scanning Microscopy 4,329-340 (1990); Mathiowitz, et al., J. Appl. 
■ ■ 1 r 1 P^roer^ScSHS^ 125-134 (1992); and Benita, et al, J. Pharm. Sci. 73, 1721-1724 (1984), 
' . ; '; "the^|eacliing5^ are incorporated herein. 

i!5 ''In'sbl vent' evaporation, described for example, in Mathiowitz, et al, (1990), Benita, and 
'■. i^i.jto.S; Pat. No. 4,272,398 to Jaffe, the polymer is dissolved in a volatile organic solvent, 
Ii:' '' sw?^ as bethylene chloride. Several different polymer concentrations can be used, for 
•: Kil^ ^6te^r^pie,^3etiw§^n 0.05 and 0.20 g/ml. The drug, either in soluble form or dispersed as 
*:T/\i5ne!iWticl?s, is added to the polymer solution, and the mixture is suspended in an 
v"2a j-^^i^queipiukiphase!' contams a surface-active agent such as poly(vinyl alcohol). The 
■■■■jr ' aqueous pha^e may be, for example, a concentration of 1% poly(vinyl alcohol) w/v in 
? . '^^;#dis1^1^ resulting emulsion is stirred until most of the organic solvent 

w'P^j^;|.?^^orates;&ing solid microspheres, which may be washed with water and dried 
; 'I ' overnight in a lyophilizer. 
'■25 V ''- 

': v i, Microspheres with different sizes (1-1000 microns) and morphologies can be obtamed by 
'' ■ this method which is useful for relatively stable polymers such as polyesters and 
■ polystyrene. However, labile polymers such as polyanhydrides may degrade due to 
, i ■' exposure to water. For these polymers, solvent removal may be preferred. 

•'3b ■ 

' • ' t ^^'.Solvent^temoval is primarily designed for use with polyanhydrides. In this method, the 
■ d^ug is dispersed or dissolved in a solution of a selected polymer in a volatile organic 
'1 : i-.i; : solvent like methylene chloride. The mixture is then suspended in oil, such as silicon oil, 
' ■ ' ■ : by istirring, to form an emulsion. Within 24 hours, the solvent diffuses into the oil phase 
■■ '35; and the 'emulsion droplets harden into solid pol>Tner microspheres. Unlike solvent 

, evaporation, this method can be used to make microspheres firom polymers with high 
; ' . . ; . mei'ting . points and a wide range of molecular weights. Microspheres having a diameter 
i 1 ■ forcSxan^le-between one and 300 microns can be obtained with this procedure. 

;. 4P;-; Targeting of Particles 

• : ■ ■ ■ ' Targeting iriolecules can be attached to the aerodynamically light particles via reactive 
,i , functional groups on the particles. For example, targeting molecules can be attached to 
' iv'V ' .theva^niiio acid groups of functionalized polyester graft copolymer particles, such as 

^ i =. . PL AUliys particles. Targeting molecules permit binding interaction of the particle with 
i'; sp,e.cifioxecep'tor sites, such as those within the lungs. The particles can be targeted by 
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attachment of ligands which specifically or non-specifically bind to particular targets. 
Exemplary targeting molecules include antibodies and fragments thereof including the 
\ variable regions, lectins, and hormones or other organic molecules capable of specific 
binding for example to receptors on the surfaces of the target cells. 

|;':'.,r ', ■ 

i'ip :. . Vaccine Ajgents: 

' ' ■ '. 'T^^ light polymeric aerosols are useful as carriers for a variety of 

vaccine agents, including but not limited to recombinant viral vaccines, such as 
i 0 recombinant modified vaccinia vaccine incorporating influenza virus antigens, killed 
virus, attenuated virus vaccines, bacterial vaccines, including attenuated bacterial 
■■ pathogens, inactivated bacterial pathogens, and recombinant bacteria expressing specific 
, •• ^ ahtigetis'agaitist which elicitation of an immune response is desired. They can be used to 
0- !6ni;'^,suiate ;^ihall and large viral or bacterial antigens, release encapsulated vaccines over 
(sjif • itimelpOTodsranging from hours to months, and withstand extreme conditions during 
{fl3'?(|i^<Siiz^dn.or following deposition in the lungs that might otherwise harm the 
?'f| t^g^c4p!sul^d vaccine. Attention to disruption of the vaccine is required in the formation 
I' ' ' ^ of the vaccine - carrier composition. Exposure to detergents, excesses of heat or organic 
iSl si)l5rdnts ^ to be avoided, where the vaccine entity is susceptible to disruption to these 
^p^i^^^^nfe^ HIV, hepatitis, herpes, or any other viral or bacterial disease may be prevented 
:|;||i|i))|;adnuni^tering an appropriate vaccine according to this invention. 

' . . 

& '' T^b ij^icles including a vaccine agent may be administered alone or in any appropriate 
■ ' pharmaceutical carrier, such as a liquid, for example saline, or a powder, for 
; ' ' ' administration to the respiratory system. They can be co-delivered with larger earner 
• , particles„not inchiding a vaccine agent, the latter possessing mass mean diameters for 
f exairiple in the range 50 .mu.m-100 .mu.m. 

Aerosol dosage, formulations and delivery systems may be selected for a particular 
. , vaccine application, as described, for example, in Gonda, I. "Aerosols for delivery of 
' ' therapeutic and diagnostic agents to the respiratory tract," in Critical Reviews in 
" " Therapeutic Drug Carrier Systems, 6:273-3 13,1 990; and in Moren, "Aerosol dosage 
3^' forais and formulations," in: Aerosols in Medicine. Principles, Diagnosis and Therapy, 
■ . , Wtoren, et al., Eds, Esevier, Amsterdam, 1985, the disclosures of which are incorporated 
'i h'efeini^^^ reference. Typically, dosages of vaccines which correspond to those in use for 
ji'j^- Ijjsystemicideliveiy by injection should be delivered by the pulmonary route described 
5?i^:;fc.h|reini: . . , 

' • ' ' The greater efficiency of aerosolization by aerodynamically light particles of relatively 
" • • l^ge.size permits more vaccine to be delivered than is possible with the same mass of 
- • - n6n-light aerosols. The relatively large size of aerodynamically light aerosols depositing 
i V 1 in the deep lungs also minimizes potential vaccine losses caused by particle phagocytosis. 
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; ■ : i The.iise 'o|f'&rody^ light polymeric aerosols as therapeutic carriers provides the 

benefits of bi'odiegradable polymers for controlled release in the lungs and long-time local 
action or systemic bioavailability. Denaturation of vaccines can be minimized during 
aerpsolizatioii siiice the vaccine agents are contained and protected v/ithin a polymeric 

; 5 shell. Coencapsulation of peptides with peptidase-inhibitors can minimize enzymatic 
degradation of key antigenic determinants of the vaccine. 

The pres'ent' invention will be further understood by reference to the following non- 
;■ / ■ limiting.:example;s. 

EXAMPLE! 

.1 Synthesis of Aerodynamically Light Poly[(p-carboxyphenoxy)-hexane anhydride] 
("PCPH':) Particles 

li^y.: 

■ ' Aerodynamically light poly[(p-carboxyphenoxy)-hexane anhydride] ("PCPH") particles 
■■ ■ are synthesized as follows. 100 mg PCPH (MW .about.25,000) is dissolved in 3.0 mL 

- , , ' methylene chloride. To this clear solution is added 5.0 mL 1% w/v aqueous polyvinyl 
^.'•i; ;' ■': alcohol (PVA, MW .about.25,000, 88 mole % hydrolyzed) saturated with methylene 
■'20 ; ' :chi.Qride, and the mixture is vortexed (Vortex Genie 2, Fisher Scientific) at maximum 
: ' • ■- spefed for one minute. The resulting milky-white emulsion is poured into a beaker 

. containing ?5 hiL 1% PVA and homogenized (Silverson Homogenizers) at 6000 RPM 
' i .for pne minute using a 0.75 inch tip. After horaogenization, the mixture is stirred with a 
• ,~ iTi^gneitic': stirring bar and the methylene chloride quickly extracted from the polymer 
'25; , particle's'iby Adding 2 mL isopropyl alcohol. The mixture is continued to stir for 35 
; ,'r i minutes? tiQ allow complete hardening of the microparticles. The hardened particles are 
:C6lie^^ centrifiigation and washed several times with double distilled water. The 
ill ' particles, are fireeize-dried to obtain a free-flowing powder void of clumps. 

•iiQ The mean dkmieter of this batch is 6.0 .mu.m, however, particles with mean diameters 
, ranging from a few hundred nanometers to several millimetres may be made with only 
slight modifications. Scanning electron micrograph photos of a typical batch of PCPH 
particles showed the particles to be highly porous with irregular surface shape. The 

■ particles have a tap density less than 0,4 g/cm.sup.3 . 

m- 

I'r!, EXAMPLE 2 

i-r-' — -—■ 

Synthesis of PLAL-Lys and PLAL-Lys-Ala Polymeric and Copolymeric Particles 
'HO- Aerodynamically Light PLAL-Lys Particles 

PLAL^Lys particles are prepared by dissolving 50 mg of the graft copolymer in 0.5 ml 
i:.- dimethylsulfoxide, then adding 1 .5 ml dichloromethane dropwise. The polymer solution 

is emulsified in 100 ml of 5% w/v polyvinyl alcohol solution (average molecular weight 
4!5 25; KDa, 88% hydrolyzed) using a homogenizer (Silverson) at a speed of approximately 

750,0 rpm. The resulting dispersion is stirred using a magnetic stirrer for 1 hour. 
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f'-'r '■ 'FoWov^^'-'thisperiod, the pH is brought to 7.0-7.2 by addition of 0.1 N NaOH solution. 
i{\ : ■ StiiTin|3^!Cohtmued for an additional 2 hours until the methylene chloride is completely 
■0.>i.. ^pv^orated aiid the particles hardened. The particles are then isolated by centrifogation at 
SV<:- Ij^l^'^^i'^^k) for 10 minutes (Sorvall RC-5B). The supernatant is discarded and the 
/{'■'sl;; ','pr|djpitate w three times with distilled water followed by centrifugation for 10 

yn|pit^!!at'=4i30(^'rpm each time. Finally, the particles are resuspended in 5 ml of distilled 
f;. i •! ; ^&rv tliie di^fersion frozen in liquid nitrogen, and lyophilized (Labconco freeze dryer 8) 
i:r:i .foi^.at le|st48 hours. Particle sizing is performed using a Coulter counter. Average 
V ,■• : pariicle mean diameters ranged from 100 nm to 14 .mu.m, depending upon processing 
I lijQ'.. '■ parameters such as homogenization speed and time. All particles exhibited tap densities 

■ ■ ■ less than 0,4 g/cm.sup.3. Scanning electron micrograph photos of the particles showed 
ijVlij; 'i ;.'' th;^in to.be highly porous with irregular surfaces. 

I v^fi^ ;^i)^dynamically Light PLAL-Ala-Lys Particles 

^ ' ' ' 1 00 mg of PLAL-Ala-Lys is completely dissolved in 0.4 ml trifluoroethanol, then 1 .0 ml 
?^^?V^rn|$yleite chloride is added dropwise. The polymer solution is emulsified in 100 ml of 
, y^l^^polyvinyl alcohol solution (average molecular weight 25 KDa, 80% hydrolyzed) 
•'\hi^vV»ai||^^mcator (Sonic & Materal VC-250) for 15 seconds at an output of 40 W. 2 ml of 
:'i20^!\'i'Sii^4fi!y^ is added to the mixture and it is vortexed at the highest speed for 30 

', ' sqconds. The mixture is quickly poured into a beaker containing 100 ml 0.3% PVA 
'[:^/''^ai$^tioxi-^ stirred for three hours allowing evaporation of the methylene chloride. 
ivJl'i'i^i^fei^gil^jiDSn micrograph photos of the particles showed them to possess highly 
[ , " ' iirrdgular surfaces. 

ii4^0i^^!id^am^ciiSty Light Copolymer Particles 

'^•'•t'^ij-i'viiSKi'^f;!,' i'' ■'■I' 

■ ' '- r' Polymeric 'aer'odynamically light particles consisting of a blend of PLAL-Lys and PLGA- 
i;>l&;:EEiQ:arc'm^ 50 mg of the PLGA-PEG polymer (molecular weight of PEG: 20 KDa, 
if^ol; l.::2>eig^^^^ 75:25 lactide:glycolide) is completely dissolved in 1 ml 

v'fi'l^ &loromethane' 3 mg of poly(lactide-co-lysine)-polylysine graft copolymer is dissolved 
1 . ■ ?,::! inilOVt lui dimethylsulfoxide and mixed with the first polymer solution, 0.2 ml of TE 

' ■; " buffer^'pH,7.6, is emulsified in the polymer solution by probe sonication (Sonic & 
! Materal VC-250) for 10 seconds at an output of 40 W. To this first emulsion, 2 ml of 
; 35.:--" distilled .water is added and mixed using a vortex mixer at 4000 rpm for 60 seconds. The 

I . .re§ulting dispersion is agitated by using a magnetic stirrer for 3 hours until methylene 
- ; . : chloride is completely evaporated and microspheres formed. The spheres are then 

' . isblated by centrifugation at 5000 rpm for 30 min. The supernatant is discarded, the 
.'y 'l;; •prfeQipitate washed three times with distilled water and resuspended in 5 ml of water. The 
'.io ^v'^slie^i^ is frozen in liquid nitrogen and lyophilized for 48 hours. 

';t'|}^ A^&abies which may be manipulated to alter the size distribution of the particles include: 
' • ' ' polymer concentration, polymer molecular weight, surfactant type (e.g., PVA, PEG, etc.), 
suiifactaht concentration, and mixing intensity. Variables which may be manipulated to 
45 al ter the surface shape and porosity of the particles include: polymer concentration, 

■ polymer . molecular weight, rate of methylene chloride extraction by isopropyl alcohol (or 
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■ : ' ;an.'6ther miscible solvent), volume of isopropyl alcohol added, inclusion of an inner water 
. , phasQ, volume of inner water phase, inclusion of salts or other highly water-soluble 
molecules in the inner water phase which leak out of the hardening sphere by osmotic 
pressiife, causing the formation of channels, or pores, in proportion to their concentration, 
■ , i ; 5 and siirfactant type and concentration. 

'•' By scaiihing electron microscopy (SEM), the PLAL-Lys-PLGA-PEG particles are highly 
surface rough and porous. The particles had a mean particle diameter of 7 .mu.m. The 
blend: of PLAL-Lys with poly(lactic acid) (PLA) and/or PLGA-PEG copolymers can be 
' 1 0 adjusted' to;adjust particle porosity and size. Additionally, processing parameters such as 
i' ■. |:. homogenization speed and time can be adjusted. Neither PLAL, PLA nor PLGA-PEG 
\} \ >} \ 'alone yields an aerodynamically light structure when prepared by these techniques. 

'#p;ki:?g'^ -EXAMPLE3 

Particles 

'tin if ;Aerodynam^cally Light Particles Containing Polymer and Vaccine Soluble in Common 

Kr';;;:''''';iAerodynamically light 50:50 PLGA particles are prepared by spray drying with vaccine 
, \ ' ' '[ ' encapsulated within the particles according to the following procedures, poly (D,L-lactic- 
^ii,;;;',ij,r' '.corgiycolic acid) with a molar ratio of 50:50 (PLGA 50:50, Resomer RG503, B.I. 



efeiniiialSj Mpijtvale, N.J.) and vaccine are completely dissolved in water or 



41^1 :'dicWpromethane;at room temperature. The mixture is subsequently spray-dried through a 



( 0/5 iiim, noizte at a -fl^ rate of 5 mL/min using a Buchi laboratory spray-drier (model 

■ .19ip,;B,'ud,hi, Germany). The flow rate of compressed air is 700 nl. The inlet temperature is 
' set-to :3'6.degree.. C.:and the outlet temperature to 25.degree. C. The aspirator is set to 

, • achieve =a vacuum of -20 to -25 bar. The mean particle size is approximately 5 .mu.m. 

■ Largeir particle siizd can be achieved by lowering the inlet compressed air flow rate, as 
well sis by changing other variables. The particles are aerodynamically light, as 
determined by a tap density less than or equal to 0.4 g/cm.sup.3. Porosity and surface 
'roughness can be increased by varying the inlet and outlet temperatures, among other 



' - AerodS^na^^ Light Particles Containing Polymer and Vaccine in Different Solvents 

.J,, ,. , I |;^erbiiynamicaily light PLA particles with a vaccine agent, recombinant MVA encoding 
' , 'influenza virus antigens, is prepared by spray drying using the following procedure. 2.0 
MO' v/' lmL of'^ vaccine solution is emulsified into 100 mL of a 2% w/v solution of 

,^f|*:|-'f;^ql>^*i0bil^ (PLA, Resomer R206, B.L Chemicals) in dichloromethane by 

' >, ' ,( i'probe sonication (Vibracell Sonicator, Branson). The emulsion is subsequently spray- 

■ ''\''dde^d-[ate^ flow rate of 5 mL/min with an air flow rate of 700 nl/h (inlet 
f ; ^;>'-.45temperatu C, outlet temperature=21. degree. C, -20 mbar vacuum). The 

'particles arb aerodynamically light, as determined by a tap density less 0.4 g/cm.sup.3. 
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jiii''' ■.. : AerbdvnaTriieallv Light Vaccine Particles 

■■■■ 

). ;. Aerodyhamicaliy light vaccihe particles are prepared by spray drying using the followmg 

' 5 procedure. An irnrfiimologically effective amount of an attenuated, inactivated or non- 
pathogenic rebdmb'iiiant viral or bacterial vaccine is dissolved in double distilled water or 

!•• saline and spray-dried using a 0.5 mm nozzle and a Buchi laboratory spray-drier. The 
flow rate of compressed air is about 725 nl/h. The flow rate of the vaccine solution is set 
. ■ such that, at a set inlet temperature of 97-lOO.degree. C, the outlet temperature is 55- 

IjiO V ; ;57.degree. C, The aspirator is set to achieve a vacuum of -30 mbar. The immunogenic 
. activity: of the vaccine is found to be unaffected by this process. 

i|f|'i j^i-| Aerodynahiifeallv Light Vaccine Particles 

15 • ' Aerodynamically light vaccine particles are prepared by spray drymg using flie followmg 

procedure. Ah immunologically effective amount of vaccine is dissolved in double 
'i'- •,: '^distilled water or saline and spray-dried using a 0.5 mm nozzle and a Buchi laboratory 
| V ■ i-i^spray^dfiery The flow rate of compressed air is 750 nl/h. The flow rate of the vaccine 

{i;v|:'sblutidn is set such that, at a set inlet temperature of ISS.degree, C, the outlet 
io jj' I temperature is 80,degree. C. The aspirator is set to achieve a vacuum of -20 mbar. 

l^'l' '''inlitV?^^^ of PLAL and PLAL-Lys Vaccine Particles 

l''^lie'p?^^ of aerodynamically light and non-light polymeric PLAL-Lys and PLAL 
f ;ivaccine' rnicroparticles into the lungs is evaluated in an in vivo experiment involving the 
' t|/';->aeFosb;liza^ of the rnicroparticles into the airways of live rats. 

3Ci' 'Maie ^praqiie Dawley rats (150-200 g) are anesthetized using ketamine (90 

'■ ; „ ;mg/kg)/xylazine (10 mg/kg). The anesthetized rat is placed ventral side up on a surgical 

V , table proYided with a temperature-controlled pad to maintain physiological temperature, 
i ' . . \ The ariirrial is cannulated above the carina with an endotracheal tube connected to a 

. f :HaryarH' Ventilator. The animal is force ventilated for 20 minutes at 300 ml/min. 50 mg of 
|;3.5. i ' !aerod)i^£imically light (PLAL-Lys) or non-light (PLA) rnicroparticles including vaccine 
l|v,y ';^!i'is m^i|ufie<iiinto the endotracheal tube. 

i !' " KFoliiovf ing the.peri of forced ventilation, the animal is permitted to develop IgG, IgA, 
;;K' ' land' celluiat-; immune responses over a period of days to several weeks. ELISA assays of 
I'lo ,;pferinhpculation and post-innoculation time points are conducted on appropriate test 
: ■■ 1 antiigehs to demonstrate the elicitation of appropriate humoral immune responses, while 
; , . ; stWnd^rd' cellular immime response assays are conducted to test elicitation of this 
;i f!Tcpmp0,neht'of the immune response. 
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^I&ificktions and variations of the present invention will be obvious to those skilled in 
.the'artirom the foregoing detailed description. Such modifications and variations are 
ipteM^d'to come within the scope of the following claims. 
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p;i>pj '\y|iiat;is'^am 

' i'l; . ' :l ;':Biocomp'atible . particles for delivery of a vaccine to the pulmonary system comprising 

.'2| / ';.;^n;ira)inunizing wherein the particles have a tap density less than 0.4 g/ral and at 
Vi3fi;f;|;]|(j^t 90,$^k)f the^particles have geometric dimensions between about 5 fun and about 30 



1' 2. The particles of claim 1 wherein the immunizing agent is selected from the group 

, 2 consistirig.'of a live attenuated virus or bacterial vaccine, a recombinant virus or bacterial 

!i3 . . vaccine encbding an immunizing antigen or a combination of antigens against which 

• '^licitationVpf an' immune response is desired, and an inactivated virus or bacterial vaccine. 



3;i:The ,pto^ l combined with large biodegradable carrier particles having a 

; raas& mean-diameter in the range of about 50 .mu.m to about 100 .mu.m. 



ji^^|.l|j)^^|j^Jj^!pf claim 1 combined with a pharmaceutically acceptable carrier for 
|^||^|^iiJs]£jfi||Qff-:^jpie respiratory tract 

',;|'i;V|y'5/'The .piticles'of claim 1 wherein at least 90% of the particles have a mass mean 
y^':^[i)|j|d}|u3^ 5 .mu.m and about 15 .mu,m. 

||)t^- >6.'^he! particles; of claim 1 wherein at least 90% of the particles have a mean diameter 
,-M' , ' ;;;betweeri, abbut 9 imu.m and about 11 .mu.m. 

i^J' ,7;'The particles/of claim 1 wherein at least 50% of the particles have a tap density of less 
||l';;;'^;tfian'0-l:;g^ni.si}p.3. 

, ' 8;,'.The^p^icles of claim 1 wherein the particles further comprise a polymeric material. 

■ a 9. The particles pf claim 1 wherein the particles further comprise a non-polymeric 

; niaterial. ■ 

■■■1 Id.' Biocompatible particles for delivery of a targeting molecule to the pulmonary system 

.2; w|?rein the targeting molecule is attached to the particles and wherein the particles have 
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3 'aiap dfeHsiiy'iessihan 0.4 g/cra.sup.3, and at least 90% of the particles have geometric 
fi, ,4 , <ilji;e]^sio,ps'between 5 .mu.m and about 30 .mu.m. 

^V'i 'iV BiScompatible-p^^^^^ for delivery of a vaccine agent to the pulmonary system 

immunologically effective amount of a vaccine agent; wherem the 
d^i^^^Ll-M'^ less than 0.4 g/cmsup.3 and at least 90% of the particles have 
',1 ^v4:(j\an;a^ri!^yA9nii4'd^^^^ between about 1 .mu.m and about 5 .mu.m. 

/ I!' ■ ;^ particles of claim 11 wherein the agent is selected from the group consisting of 

2 ■ ; viral vaccines, badterial vaccines, live, attenuated, recombinant, mactivated, and 
, li!;?! ^combinations thereof. 

; ;■ -\ ^' ,13 The particles of claim 1 1 combined with large biodegradable carrier particles having 
|iS|SiSii|a|;in^an .diameter in the range of about 50 .mu.m to about 100 .mu.m. 

Vi' '.J_4'i'The particles of claim 1 1 combined with a pharmaceutically acceptable carrier for 
llMIISIS5i^<?»tiipn-to.tiie respiratory tract. 

l:5i|fpMPife#rticie^ 11 wherem at least 90% of tiie particles have an aerodynamic 

Jtip^ami^^ 1 •"^"•"^ about 3 .mu.m. 

yjfQ particles of claim 11 wherein at least 90% of the particles have an aerodynamic 

':~ 12 diameter between about 3 .mu.m and about 5 .mu.m. 

)5^;i||;Hip:^i^cles:of claim 11 wherein at least 50% of the particles have a tap density of 
i';"2'' [''l^sgthan'O'.l.g/cm.sup.S. 

?;^|.4§;^^c4;f claim 11 wherein the particles further comprise a polymeric material. 

;v"!-i\ i9;fie;:particles of claim 1 1 wherein tiie particles further comprise a non-polymeric 
'2' material. '■' 

: I '20 Biocompatible particles for delivery of a vaccine and targeting molecule to the 
•■ • 2 pdtiHonan^ system wherein the targeting molecule is attached to the particles and wherem 
^i■ 3' . Sfefarti(Ss.hav^.atapdensitylessthan0.4g/cm.sup.3.andatle^t90%o^ 
ifcbiiic itSyfen- aers)dynkmic diameter between about 1 .mu.m and about 5 .mu.m. 
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0i ': 'iT^i^^ Amsti\od for delivery of an actively immunizing amount of a vaccine to the 
; • i!2 piiimqhitry system comprising: administering to the respiratory tract of a patient in need 
3 theredf^of an effective amount of biocompatible particles incorporating said vaccine, 
• 4 .. wherein the particles have a tap density of less than about 0.4 g/cm,sup.3 and at least 
'■^^5. ;,.,.90^;oi;the particles have geometric dimensions between about 5 .mu.m and about 30 

' 1 ; '22. ' Jhe method of claim 21 wherein the agent is selected from the group consisting of 
,, ^:2j.;^:'j'Yifalii^^^^ bacterial vaccines, live, attenuated, recombinant, inactivated, and 
iiil'3?r4lcomBmk^^ 

' 1 1 2^ The method 'of claim 21 wherein the particles are combined with large biodegradable 
jil^f '. !caH^e!i^'|aiificles.M^ mean diameter in the range of about 50 .mu.m to about 



>^!^|i;m; '24|;i:hg;irte^ wherein the particles are combined with a pharmaceutically 



particles have a mass mean 

mu.m and about 15 .mu.m. 

^f]:-^JT^^iacthS.'<^0^ta 21 for delivery to the alveolar zone of the lung wherein at least 
/ ;2 1 90% of the paiticl^'have a mean diameter between about 9 and about 1 1 .mu.m. 

Jll i ' , \ The method of 'claim 21 wherein at least 50% of the administered particles have a tap 
|r:fe J ' 'density of less than about 0.1 g/cm.sup.3. 

ti||if^|28. He method of claim 21 wherein the particles further comprise a polymeric material. 




illi 



m 

m 



I |^: ;'T^e method ql-c)aim 21 wherein the particles further comprise a non-polymeric 

' 4-jit|36;':k method forcielivery of a vaccine and a targedng molecule to the pulmonary system 
2'1 ' eoinprising: administering to the respiratory tract of a patient in need of treatment, 
3 iprdphylaxis or diagnosis an effective amount of biocompatible particles, wherein the 
4} , 'parficl'es have a tap density less than about 0.4 g/cm.sup.3 and at least 90% of the 
SV..' ipaititles have geometric dimensions between about 5 .mu.m and about 30 .mu.m, and 
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^iiji^^'-^iyl^T^ i^a^getihg molecule is attached to the particles which further comprise the 
'I^Sf^iiie^Y ; j1 fc; '. 

1' '-Si^i'-iS^iaie&od^^r delivery of a vaccine to the pulmonary system comprising: 

2 . ^dmiilistering tothe respiratory tract of a patient in need thereof of an effective amount of 

3.' ..ijiQCQmpatible particles comprising said vaccine, wherein the particles have a tap density 

•,; ■4.;' '■ ;of •iesi.t.han about 0.4 g/cm.sup.3 and at least 90% of the particles have an aerodynamic 

1 iii 'S ■^liiiiidiafeet^^ 1 .mu.m and about 5 .mu.m. 

ipilift. 

3i^i The' method of claim 31 wherein the agent is selected from the group consistmg of 
|^||JilsS^iii^l^ci^^ vaccines, live, attertuated, recombinant, inactivated, and 




il 33'! Tt^e method of claim 31 wherein the particles are combined with large biodegradable 
li .|l^t.^|^^^^cles|haviplg a mass mean diameter in the range of about 50 .mu.m to about 

"tfi t/^34< The pietho4 of claim 31 wherein the particles are combined with a pharmaceutically 
P^||^p|^l|l^^ to the respiratory tract. 

^^'i^S^^I&iK^'lU piBm 3 1 wherein at least 90% of the particles have an aerodynamic 
^^i||';i(|^|^?betw^ 1 .mu.m and about 3 .mu.m. 

j? l'' ' 36. TJie method of claim 3 1 for delivery to the alveolar zone of the lung wherein at least 
lM|i-^-9P% (rf the particles have an aerodynamic diameter between about 3 .mu.m and about 5 

||fiyi;.i. ^ttti-in: 



If 1 't^ .,'37. l^e method pf claim 31 wherein at least 50% of the administered particles have a tap 
• ifejssi^of iess than;about 0.1 g/cm.sup.3. 

ili''; r ■■^IS/Th^^ 31 wherein the particles further comprise a polymeric material. 

• '. 1 ' " 39; The method of claim 3 1 wherein the particles further comprise a non-polymeric 
;,i 2,. rijateiial. 

. ' 1 '40. A method for delivery of a vaccine and a targeting molecule to thepulmonary system 

■ 2 ' (i.omprising: administering to the respiratory tract of a patient in need of treatment, 
i-V.. 3. i prophylaxis or diagnosis an effective amount of biocompatible particles comprising said 
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^i^acciiie; Wtefem the particles have a tap density less than about 0,4 g/cm,sup.3 
■ • '■■.I6a^t;90^.of the-particles have an aerodynamic diameter between about 1 .mu.n 
•:!^i';^,;'';i:,a>out 5„mu.m, and wherein the targeting molecule is attached to the particles. 
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